The subprime mortgage crisis in the United States (U.S.) in mid-2008 suggests that stock prices volatility do spillover from one market to another after international stock markets downturn. The purpose of this paper is to examine the magnitude of return and volatility spillovers from developed markets (the U.S. and Japan) to eight emerging equity markets (India, China, Indonesia, Korea, Malaysia, the Philippines, Taiwan, Thailand) and Vietnam. Employing a mean and volatility spillover model that deals with the U.S. and Japan shocks and day effects as exogenous variables in ARMA(1,1), GARCH(1,1) for Asian emerging markets, the study finds some interesting findings. Firstly, the day effect is present on six out of nine studied markets, except for the Indian, Taiwanese and Philippine. Secondly, the results of return spillover confirm significant spillover effects across the markets with different magnitudes. Specifically, the U.S. exerts a stronger influence on the Malaysian, Philippine and Vietnamese market compared with Japan. In contrast, Japan has a higher spillover effect on the Chinese, Indian, Korea, and Thailand than the U.S. For the Indonesian market, the return effect is equal. Finally, there is no evidence of a volatility effect of the U.S. and Japanese markets on the Asian emerging markets in this study.
INTRODUCTION
In recent years, the world -especially developing countries -experienced a strong capital liberalization, financial market reform and advances in information technology. Consequently, information transmits across global financial markets more freely than ever, resulting in an increased linkage between stock markets. It has been found that the deeper the level of global financial integration, the more likely it is that financial markets of developing countries are affected by volatility spillover effects from mature financial markets. The latest financial turmoil began from U.S. in 2007 and spread to Asian markets in the early of 2008 through different mechanisms, such as increasing market volatility or market and funding illiquidity 1 . Following that crisis, Asian financial markets became highly volatile and shook violently. This means that there is an increase in the linkage between the Asian stock markets and the US market. Due to its size and economic importance in the world, the U.S. potential impact on emerging markets cannot be denied. Likewise, Japan as a major investor and trading partner of many Asian countries is expected to exert its influenced on these markets. Japan is the world's fourth largest stock exchange in terms of aggregate market capitalization of listed companies, and the largest in Asia. Japanese investors also hold a large amount of Asian assets 2 . Thus, the relationship between Japanese and Asian markets has become an important factor for investors and trade.
The volatility transmissions between stock markets have been the object of study of both practitioners and academia over the years. Understanding the level of correlations between stock markets would be a great help to investors and hedgers in their international portfolio diversification and optimization. A plenty of studies provided evidence for the spillover effects from the U.S. and Japan to other stock markets. This paper attempts to empirically examine the level of spillover effects from these two large mature markets on eight Asian emerging and Vietnamese stock markets. The ARMA(1,1)-GARCH(1,1) is utilized. In particular, the return spillover are modelled using ARMA (1, 1) , volatility spillover is estimated using a two-step GARCH (1,1) model. The data of this study is from 2000 to 2017, covering the period prior, during, and after the global financial crisis in 2007. This extensive coverage lends credibility to the results of this analysis. The empirical results in this research may be helpful for academics, domestic policy makers and professionals in understanding the magnitude of volatility spillover effects of the U.S. and Japanese stock markets on the Asian emerging stock markets. Moreover, this study contributes to the growing literature on the spillover effects and volatility transmission of equity returns. The remainder of the paper is organized as follows. A literature review on the study of return and volatility spillover across markets is presented in the next section. Section Methodology gives details about the financial model for estimating volatility transmissions and spillover effects and as well as estimation procedure. Research data and the descriptive statistics are provided in Section Data. The empirical results are given in Section Empirical Results and finally, in the last chapter, the paper closes with concluding comments.
LITERATURE REVIEW
The study of market integration through analyzing both returns and volatility spillover has important implications for the modern portfolio theory. Several empirical literature provides strong evidence of market interdependence and integration among national stock markets. Mervyn and Wadhwani 3 applied correlation coefficients to stock market returns in order to examine how the market crash in the U.S. influenced the stock markets in Japan and the U.K. by using the GARCH model, co-integration tests, and the probability of specific events. The results show that the U.S. stock market crash significantly increased the correlation coefficients between multiple markets. Pan and Hsueh 4 examined the nature of transmission of stock returns and volatility between the U.S. and Japanese stock markets employing a two-step GARCH approach. By using futures prices on the S&P500 and Nikkei225 stock indexes, they found that there are unidirectional contemporaneous return and volatility spillovers from the U.S. to Japan. In particular, the U.S. influence on Japan in returns is approximately four times as large as the other way around. There are also no significant lagged spillover effects in both returns and volatility from the Japan to the U.S. while a significant lagged volatility spillover is observed from the U.S. to Japan. Cha and Oh 5 studied weekly stock indices of the U.S., Japan and four Asian NIEs from 1980 to 1998. They reported that the stock market crash the U.S. market began to have a significant impact on the Hong Kong and Singapore after the October 1987, yet its influence on Taiwan and South Korea remained unchanged. Employing a multivariate GARCH in Mean, Zaid 6 investigated the international transmission of daily stock index volatility movements from the U.S. and U.K. to selected Middle Eastern and North African emerging markets, namely Egypt, Israel, and Turkey. The study finds that Egypt and Israel are significantly influenced by the U.S. stock market while Turkey is not. Batareddy et al. 7 investigated the stability of the long -run relationships between emerging (India, China, South Korea, and Taiwan) and developed stock markets (the U.S. and Japan) using use time varying cointegration tests with the sample data from mid 1998 to 2008. Their empirical findings support the presence of one long -run relationship (cointegration vector) between emerging and developed stock markets and the individual Asian emerging stock markets tend to display stronger linkages with the U.S. rather than with their neighbors. Dhanaraj et al. 8 using FEVD analysis in researching on the dynamic interdependence between the U.S. and Asian markets revealed the dominance of the U.S. stock market on Asian markets and that Asian stock markets are not immune to the shocks originating in the USA though the effects of shocks vary considerably across markets. For the Vietnamese stock market, Farber et al. 9 show that there exist anomalies stock returns through clusters of limit-hits and limit-hit sequences in HSC. Besides, there is a strong herd effect toward the extreme positive returns in market portfolios. Moreover, the specification of ARMA-GARCH can help capture issues such as serial correlations and fat-tails for a stabilized period, and policy decisions on the technicalities of trading can influence movements in risk level through the conditional variance behavior of HSC stock returns. Using the correlation contagion test and Dungey et al. 's 10 contagion test by EGARCH model, Wang and Lai 11 find contagion effects between the Vietnamese and Japanese, Singaporean, Chinese, and the U.S. stock markets. They also show that the Japanese stock market causes stronger contagion risk in the Vietnamese stock market compared to China, Singapore, and the U.S. The stronger interdependence effects of Chinese and U.S. stock markets causes weaker contagion effects in the Vietnamese. In summary, we have seen that most empirical studies have focused on the effects of developed markets both across the world and in the U.S., Japan to stock markets of other emerging countries. However, empirical examination of stock markets in Asia and Vietnam are limited, which necesitate further studies. Such markets are in the transitioning period with many economic reforms as well as the liberalization of capital markets. Similarly, Vietnam has continuing taken steps to reform its economy for the last 30 years. The nation has taken many significant transformations to become a market-oriented economy including the improvement of the banking and financial system and opening the market for foreign investors 9 . Fama 12 and others have documented that stock returns exhibit mild serial correlations. In particular, large changes in daily stock prices tend to be followed by large changes and small price changes tend to be followed by small changes (see Mandelbrot 13 ; and Fama 12 ). The generalized autoregressive conditionally heteroscedastic (GARCH) family is designed to model the conditional mean and volatility of stock returns by taking into account the above properties. Since its introduction, the GARCH model has been generalized and extended in various directions.
METHODOLOGY
Following Liu and Pan 14 , this paper allows innovations in the U.S. and Japan to influence the equity return of Asian emerging markets through the error term. The importance of modeling the volatility effect in financial markets during the financial turmoil has increased significantly and there has been a correspondingly large amount of literature over time to address the issue. Currently, the GARCH models are amongst the most popular econometric models used in academic studies.
Towards the volatility spillover, the GARCH (1,1) model may be appropriate to capture the volatility gathering in the data (Brooks 15 ). The (1,1) in parentheses is a standard notation in which the first number refers to how many autoregressive lags, or ARCH terms, appear in the equation, while the second number refers to how many moving average lags are specified, which is often called the number of GARCH terms. The conditional variance is a linear function of 1 lag of the squares of the error terms ( ε t ) (also referred to as the "news" from the past) and 1 lag of the past values of the conditional variances ( σ t ) or the GARCH terms, and a constant ω. Therefore, the model used in our research is the ARMA(1,1)-GARCH(1,1) and can be summarized as below.
Developed markets: the U.S. and Japan
We begin by specifying an appropriate ARMA-GARCH model, daily returns of the U.S. and Japan. We assume that the U.S. and Japan stock market returns are not affected by other markets and those returns are estimated through the following ARMA(1)-GARCH(1,1) model with the mean and variance equations:
where r t is the daily stock index return; i represents the U.S. and Japan; D jt is dummy variable for Monday, Tuesday, Wednesday and Thursday respectively; and ε t is the residual. The residual ε t is the short-term fluctuation which expresses the unexpected events, new information or innovation in the U.S. and Japanese stock markets and spreads to eight Asian emerging markets and Vietnam. The larger the residuals are, the more likely they spread to Asian markets. Therefore, the residuals are employed to capture to the spillover effects from the U.S. and Japan to Asian markets.
Emerging markets and Vietnam
On the assumption that Asian markets could be affected by both the U.S. and Japanese markets, we consider the case where the international transmission from the U.S. and Japanese market could exist in terms of the mean and volatility effects. We construct a mean and volatility spillover model that deals with the shocks from the U.S. and japan as an exogenous variable in a ARMA-GARCH to the Asian markets by substituting the residual derived from equations (1) and its square from equations (2) of the U.S. and Japan market into the following ARMA-GARCH model. Due to different trading time, a shock in the U.S. stock market during day t will not be reflected in the Asian emerging stock markets until day for Hong Kong, Singapore, and Thailand.
That is, our model is given by: For the Taiwanese market:
US,t−1
+γ JP e 2
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Where e US,t−1 and e 2 US,t−1 are the residual and the square of the residual for the U.S. market estimated in equation (1) and (2) . The model allows us to model the volatility transmission spillovers between markets, with the data generating processes for the timevarying covariances across markets, rather than an unconditional consistent shock. We allow for mean spillover effects by including residual of S&P500 and Nikkei225 retrieved from the equation (1) and include the residual squares obtained from Equation 2 for S&P500 and Nikkei225 in variance equation, to capture the volatility spillover effects. The coefficient λ US , λ JP captures the mean spillover effect (cross-mean spillover) and the coefficient γ US ,γ JP captures the volatility spillover effect (cross-volatility spillover) from the US and Japan . Statistically significant values for ϕ 1 and α 2 respectively, indicate the influence of own-mean and own-volatility spillovers from previous returns of Asian markets returns. Notice that the lag of the residuals of the U.S. and Japan is used due to different time zones between the US and Japan. For the U.S. stock market, we used the Standard and Poor 500 (S&P 500) Index, which is a market value weighted index and one of the common benchmarks for the U.S. stock market. The index includes 500 leading companies and captures approximately 80% coverage of available market capitalization. For the Japanese stock market, we employed the Nikkei225 Index, the leading and most-respected index of Japanese stocks. It is a price-weighted index comprised of Japan's top 225 blue-chip companies traded on the Tokyo Stock Exchange. the Nikkei is the most widely quoted average of Japanese equities, represents roughly 50% of the total market capitalization for the Tokyo Stock Exchange. The number of observations is approximately 4300 for each country. The data for the whole period are illustrated in the Appendix A. The data of stock price exhibit large fluctuations during the whole p eriod. The paper analyzes the exogenous effects of the U.S. and Japanese returns and volatilities on Asian countries. The stock indices and their home countries are presented in Table 2 . Also presented are their trading hours in both local and UT time for the purpose of studying the same effects. As c an b e s een f rom the table (Trading-UTC column), the U.S. market closes later than the other Asian stock markets; therefore, a shock in the U.S. stock market during day t will not be reflected in the Asian emerging stock markets until day t +1. Thus, the appropriate pairing is time t -1 for the U.S. and time t for the Asia markets. Furthermore, as Table 2 shows, the Japanese market is closed earlier than the other Asian stock markets, except Taiwan. Therefore, the appropriate pairing is time t -1 for Japan and time t for Taiwan, and it is time t for Japan and time t for Hong Kong, Singapore, and Thailand. The indices are transformed to a daily rate of return as below, which are defined as the natural logarithmic returns in two consecutive trading days:
DATA
Where r t is the daily log return, p t and p t−1 are the daily adjusted closing price of each stock indices at time t and t-1.
The plots for the daily log returns fluctuate around a zero mean (see Figure 1) . Each of all series appears to show the signs of ARCH effects in that the amplitude of the returns varies over time. Volatility clustering -the periods of high volatility alternate periods of low volatility -can be observed (large and small swings tend to cluster, see Figure 1 .
Abusing the terminology slightly, it could be started that "volatility is autocorrelated". Observing the time series data set of returns, we see that there exists heteroskedasticity in the model. However, we cannot determine whether this is enough to warrant consideration.
Descriptive characteristics for the daily stock index returns of emerging markets are given in Table 3 .
It can be seen that the average daily returns are positive (except for TWII with negative mean returns) but negligibly small compared to the sample standard deviation. Six out of eight Asian markets (with the exception of China and Taiwan) have a higher return than the U.S. and Japan. This is why the mean is often set at zero when modeling daily portfolio returns 17 which reduces the uncertainty and imprecision of the estimates. PSEI shows the most extreme values of daily market returns compared to the rest. China has the highest standard deviation whereas Malaysia has lowest. The returns series display similar statistical properties as far as the third and fourth moments are concerned. More specifically, the returns series are skewed (either negatively or positively) and the large returns (either positive or negative) lead to a large degree of kurtosis. Excess kurtosis is a measure of peakedness or flatness of data in comparison to normal distribution. Both the indices show evidence of fat tails (leptokurtic) since the kurtosis exceeds 3 (the normal value), implying that the distribution of these returns has a much thicker tail than the normal distribution. As we know, skewness is a measure of symmetry, which is equal to zero for normal distribution. The skewnesses of all markets (except PSEI.PS) are also negative, indicating that the distribution has an asymmetric tail extending out to the left and is referred to as "skewed to the left". This leads the standard deviation of all mar-kets which presents the "risk" is underestimated when kurtosis is higher and skewness is negative. The Ljung-Box (LB) Q statistics for daily stock returns of both assets are highly significant at five-percent level indicate the presence of serial correlations. Furthermore, the Ljung-Box Q statistics for squared returns are much higher than that of raw returns indicate the time-varying volatility. The p-value of ArchTest shown in the last row are all zero to both places, resoundingly rejecting the "no ARCH" hypothesis. Furthermore, the presence of serial correlations and time-varying volatility make the traditional OLS regression inefficient. These features of the data lead us to consider the GARCH type models that can accommodate time-varying and persistent behavior of volatility of returns. We start modeling with ARMA(1,1)-GARCH(1,1).
EMPIRICAL RESULTS
Empirical models for these Asian markets are as below:
JP,t
The dummy variable for day effect is insignificant in most countries in mean equation, indicating there is no weekday effect in mean returns. It is worth noting that markets where day effect is present, the dummy variable has a negative sign and most falls on Monday. This result implies there is a difference between stock returns on Monday and Friday on these markets which is consistent with prior studies. Accordingly, the average stock return on Monday is negative and lower than the other weekdays. The Monday effect is a form of inefficient market when the Monday average return is affected by return of the other weekdays, especially the last Friday. Reactions of investors on Monday are normally unfavorable, resulting in a negative average return. This effect is related to financial behavior of investors. Coefficients φ 1 in the U.S., Japan, Malaysia, Korea, Taiwain and Vietnam are positive and significant, suggesting that stock returns on Asian markets today are affected by stock returns of the previous day. The negative and significant coefficient φ 1 for Indian, Indonesian, Philippine and Thai markets indicates that there is no impact of return on the previous day on the today return.
The statistically significant values of λ US , λ JP suggest that returns on the U.S. and Japanese affect the conditional mean of the considered Asian markets returns (e.g. cross-mean spillover). The results for the conditional mean equations show statistically significant positive mean spillover effect from the U.S. and Japan returns, indicating that a high return in the two those mature markets are followed by high returns in the Asian markets. Global financial markets display a higher degree of correlation owing to globalization and more efficient dissemination of information.
Stocks are more likely to be affected by developments in overseas markets. Another noticeable finding is Japan has a stronger influence on Korea than the U.S. (0.370 versus 0.210) while the U.S. has a stronger influence on Taiwan than Japan (0.436 versus 0.009). These effects are likely due to the strong economic relationship between Japan -Korea and the U.S. -Taiwan. However, these effects cannot be so easily explained and require further study for explanation. Vietnam's stock market exhibits the lowest influence from the U.S. compared with other examined markets. This is perhaps due to the tight capital control by the Vietnamese Government.
On the other hand, in terms of the volatility spillover, the estimates of GARCH parameters α 1 , α 2 for Asian markets are significant and the sum of these two coefficients which measures the persistence of volatility is close to unity. The parameter estimates for the conditional variance α 1 , α 2 are highly significant, indicating that the conditional variance process of the Asian markets returns is indeed time-varying. The ownvolatility spillover effect from the previous volatility α 2 is highly significant whereas the cross-volatility spillover effect from the U.S. and Japan is insignificant. The statistically insignificant values for γ US , γ J p indicate there is no influence of volatility spillovers from the U.S. and Japan to the Asian markets. Possible reason is that their volatility is mainly explained by the Asian own volatility. This diagnostics show that the residuals of the models are reasonably well-behaved. The portmanteau LB statistics in Panel B of Table 4 evaluate the serial correlations in the raw and squared standardized residuals of the model up to lags 7 and 9 and find that most of the conditional dependence in the return has been modeled reasonably well.
DISCUSSION AND CONCLUSIONS
This paper focuses on investigating the transmission volatility and spillover effects from the U.S. and Japan to eight Asian and Vietnamese stock markets by exploring the level of conditional correlations between markets from January 1 st , 2000 to May 31 st , 2017 using ARMA(1,1)-GARCH(1,1) models. The results provided interesting findings which contribute to the understanding of the time-varying nature of mean and volatility spillover effects between developed and Asian emerging stock markets. We allow for mean spillover effects by including residual of S&P500 and Nikkei225 obtained from the equation (1) and including the residual squares obtained from equation (2) for S&P500 and Nikkei225 in variance equation to capture the volatility transmission effects. The results do not support the evidence of the day effect on all markets. For markets where the day effect, dummy variable has a negative sign and most fall on Monday. We also found clear evidence that the returns of the U.S. and Japan exert a positive influence on the returns on Asian markets. In addition, the cross-volatility spillover effect from the U.S. and Japan returns is insignificant whereas the ownvolatility spillover effect from Asian returns itself are highly significant. These results are important for economic policymakers in order to safeguard the financial sector from international financial shocks. The investors can use this information for constructing efficient portfolios to reduce risks and enhance returns.
The majority of recent studies of international prices and volatility focus on the developed markets. Thus, the present paper also contributes to the literature by broadening the focus of the existing evidence. Further research is necessary for investigating the mean and volatility transmission through multivariate GARCH (M-GARCH) models. The ability of capturing crossmarket spillovers increases with MARCH specification because of its advantages.
